Abstract: Thiazole derivatives were prepared by one-pot procedure by the reaction of α-haloketones, thiourea and substituted o-hydroxybenzaldehyde under environmentally solvent free conditions.
Introduction
Thiazoles are important class of natural and synthetic compounds. Thiazole derivatives display a wide range of biological activities such as cardiotonic 1 , fungicidal 2 , sedative 3 , anasthetic 4 , bactericidal 5 and anti-inflammatory 6 . The synthesis of thiazole derivatives is important of their wide range of pharmaceutical and biological properties. The most straight forward procedure reported by Hantzsch in 1887 involves one-pot condensation of α-haloketones, and thiourea or thioamides in refluxing alcohol 7 . This is method, however long reaction time (24-25 h), harsh reaction conditions, the use of large quantity of volatile organic solvents generally gives low yields .Modified procedures have been reported by King et al 8a-b and others 9a-d involving the replacement of α-haloketones with ketones and halogen. Despite this modification the methods of King et al. and others are cumbersome and required long reaction time (24-25 h). Therefore, the development of more economical and environmentally friendly conversion processes is highly desirable.
With the increasing environmental concern and the regulatory constraints faced in the chemical and pharmaceutical industries, development of environmentally benign organic reactions has become a crucial and demanding research area in modern organic chemical research 10 . Therefore, more and more chemists synthetic endeavors are devoted towards 'green synthesis' which means the reagent, solvent and catalyst are environmentally friendly. In modern organic chemical research, Wender defined the 'ideal synthesis' as one in which the target components are produced in one-step, in quantitative yield from readily available and inexpensive starting materials in resource effective and environmentally acceptable process 11 . Multicomponent condensations represent a possible instrument to perform near ideal synthesis because they possess one of the aforementioned qualities, namely the possibility of building up complexing molecules with maximum simplicity and brevity.
In recent years, to minimize the amount of harmful organic solvents used in chemical processes, much attention has been devoted to the use of alternative reaction media 12a . Besides the use of supercritical fluids, water and ionic liquids, the possibility of performing chemical processes in the absence of solvent (solvent free) conditions has been receiving more attention 2b-13 . The reported examples demonstrate that no solvent reactions are generally faster, gives higher selectively and yields, and usually require easier work up procedures and simpler equipments [13] [14] .
Experimental
Melting points were determined by in open capillary method and are uncorrected. The chemicals and solvents used for laboratory grade and were purified. IR spectra were recorded (in KBr pallets) on SCHIMADZU spectrophotometer. 1 H NMR spectra were recorded (in DMSO-d 6 ) on AVANCE-300 MHz spectrometer using TMS as an internal standard. The mass were recorded on EI-SHIMDZU-GC-MS spectrometer. Elemental analyses were performed on a Perkins-Elmer CHN elemental analyzer.
General procedure for synthesis of 2-{[4-sub.phenyl)-thiazol-2-yl-imino]-methyl}-phenol (4a-j)
Method A A mixture of 2'-hydroxy-5'chloro-α-haloketones (1) (1 mmol), thiourea (2) (1 m mol) and o-hydroxybenzaldehyde (3) in ethanol was refluxed for 5 h. The reaction mixture was cooled at room temperature, poured on crushed ice (20 g). The separated solid was filtered, washed with ice cold water and recrystallized from aqueous acetic acid to give product (4).
Method B
A mixture of 2'-hydroxy-5'chloro-α-haloketones (1) (1 m mole) and thiourea (2) (1 mmol) wetted with 2-4 drops of ethanol, followed by o-hydroxybenzaldehyde (3) (1 mmol) was grinded by pestle in mortar at room temperature for the period as shown in Table 1 . The progress of reaction was monitored by TLC. After completion of reaction solid product thus obtained was poured on crushed ice (20 g). The separated product was filtered washed with ice cold water and recrystalized from 5% aqueous acetic acid (6 mL) to afford to the pure product (4) . 
Results and Discussion
In view of the recent emphasis aimed at developing new selective and environmentally friendly methodologies for the preparation of fine chemicals, herein we report expeditious synthesis of substituted 2-{[4-sub.phenyl)-thiazol-2-yl-imino]-methyl}-phenol by the onepot condensation of α-haloketones, thiourea and substituted o-hydroxybenzaldehyde under environmentally solvent-free conditions (Scheme 1). Scheme 1 Initially, we attempted the one-pot condensation of 2'-hydroxy-5'-chloro-α-haloketone, thiourea and o-hydroxybenzaldehyde under solvent free condition. The reaction went to completion within 3 minutes and the corresponding product was obtained in 95% yield. Encouraged by the results obtained with o-hydroxybenzaldehyde, thiourea and 2'-hydroxy-5'-chloro-α-haloketone, we turned our attention to variety of ohydroxybenzaldehydes and 2'-hydroxy substituted-α-haloketones respectively. Interestingly, various o-hydroxybenzaldehydes and 2'-hydroxy-substituted-α-haloketone reacted smoothly with thiourea under solvent free conditions to give the corresponding thiazole derivatives in 85-95% yield. In all cases, the reaction proceeded efficiently in high yield at room temperature under solvent-less conditions. All the products were characterized by IR, 1 H NMR and MASS spectral analysis.
When attempts were made to carry out the synthesis of thiazole derivatives by classical method in ethanol under reflux temperature, the yield of the products are poor (60-70%). In general, reactions under solvent-free condition are clean, rapid and afforded higher yield than those obtained by conventional method. The results of the reactions under solvent-free conditions are compared with reflux condition and short reaction times were observed, which is more economy in terms of times, enhanced reaction rates, improved yields and high selectivity are the features obtained in solvent free conditions. The scope and generality of this process is illustrated with respect to various o-hydroxybezaldehyde and 2'-hydroxy substituted-α-haloketones and the result are presented in Table 1 . 
Conclusion
In summary, we have developed a simple, convenient and effective method for easy synthesis of thiazole derivatives by the condensation of o-hydroxybenzaldehyde, 2'-hydroxy substituted -α-haloketones and thiourea under solvent free conditions. Present methodology offers very attractive features such as reduced reaction times, higher yields and environmentally benign condition. The simple procedure combined with ease of work-up and entirely solvent-free conditions make this method economic, benign and a waste-free chemical process for the synthesis of thiazole derivatives of biological importance. Thus, we believe that this green procedure will be worthwhile addition to the present methodologies. To our knowledge, this is the first time report of an efficient general method for the synthesis of thiazole derivatives by using various 2'-hydroxy substituted-α-haloketones as one of the substrate.
